Abstract. In the present paper, we have studied the intensification of the desorption process of the complex anions of uranium U(VI), from ion exchange resins under the action of the ultrasonic field. The dynamics of uranium desorption from the anionic resins Purolite A600U/3472 and PM 611 was analyzed, both in standard conditions and with ultrasounds. The use of ultrasounds leads to the substantial growth of desorption kinetics and of the uranium recovery degree. The tests for stability of the resin grains size, mechanical resistance and the capacity of loading with uranium, after the repeated action of the ultrasounds field, emphasized the physical-chemical stability of resins used in the experiment (loading capacity of untreated resin 30.36 mgU/g resin and treated in continuous ultrasonic field 30.85 mgU/g resin).
Introduction
The industrial application of ionic exchange is widespread in areas starting from water softening, wastewater treatment and analytical chemistry to the purification of pharmaceutical products and of precious and radioactive metals [1] [2] [3] [4] . The use of anions-exchange resins for uranium recovery from uranium-containing solutions is possible if the resin provides a high selectivity for uranium complexes, allows the desorption of the retained complex with simple agents, which give rich elutes and has the ability of multiple reuse [5] [6] [7] [8] [9] [10] [11] .
As the ion desorption from the resin is the reverse process of adsorption, the physical and chemical factors that inhibit adsorption will favor desorption and, respectively, those who favor adsorption will inhibit desorption. Although desorption can be improved by increasing the temperature or by using concentrated extractants solutions, these measures may not be efficient from the costs' point of view. The use of ultrasounds as a means of enhancement of property transfer processes is reported in the specialty literature since the 1960s up to the present.
Thus, the Russian researchers [12] have shown that both the ultrasonic agitation and the mechanical agitation can accelerate the ionic exchange equilibrium, as the authors noticed the ultrasonic agitation is much more efficient than the mechanical one. Later on, it was noticed that the ionic-exchange equilibrium reached by applying an ultrasounds field lasts more than the one obtained in the case of mechanical agitation. Cheng and Wang [13] claimed that energy of the shockwave that occurs when the cavitation bubble collapses would interrupt film diffusion of the ions. Other studies [14] have shown that in the presence of an ultrasonic field, the capacity of ionexchange resin increases with approx. 15-20%, and the rate of adsorption likewise increases. In other studies, [15, 16] it has been proved that the ultrasounds' effect is not limited only to the surface layer of the resin particle. In the presence of an ultrasound field, during cavitation a side effect that leads to an exposure of micro pores from the sorbent particles is produced. At the same time, the pressure pulsation induced by cavitation can facilitate the penetration of the solution in the micro capillaries relatively inaccessible from the sorbent particle.
Liu et al. [17] , Mukherjee et al. [18] have demonstrated that ultrasonication can dislocate the organic matter adsorbed on a specific area of aquatic sediments and, consequently, to significantly increase the bioavailability of the sorbent.
Newman et al. [19] have conducted similar studies on granulated pieces of brick impregnated with copper oxide as a model for the decontamination of polluted soils. They noticed a decrease by 40% of the copper content through the washing of the impregnated pellets with a stream of water, in an ultrasonic tank at a frequency of 20 kHz.
Qin et al [20] investigated the effect of ultrasound on the desorption of phenol from impregnated resins and noticed. That ultrasound had ''spot energy effects'' which would enhance the process. Likewise, Rege et al. [21] showed that ultrasounds can lead to the increase of phenol adsorption rate from activated carbon and polymeric resins.
Küncek and Sener [22] used ultrasonication as a pretreatment process to increase the adsorption capacity of sepiolite, a natural clay-based adsorbent, used to remove the methylene blue. The physical effect of the ultrasonication (20kHz, 5 hours) lead to a significant increase of the sepiolite specific surface area, which led to a higher retention capacity.
Recently [23] an experimental method has been developed for the efficient removal of methylene blue in the presence of ultrasounds (40 kHz), using the process of adsorption on activated coal impregnated with gold nanoparticles.
In recent years the research regarding the application of ultrasounds in hydrometallurgy, in dissolution operations [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] , ionic exchange [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] , and solvent extraction [48] [49] [50] [51] [52] [53] has expanded.
Balasubrahmanyam et. al [54] have been performed experiments for leaching of uranium from MgF2(byproduct from the uranium ore recovery process) in presence and in absence of ultrasound, using various conditions of leach acid concentration, different energy dissipation rates and different MgF2 particle size distribution. It was obtained that the overall recovery has been increased by the application of ultrasonication and the main advantage of using ultrasound was the decreasing of the leaching operation time.
Kalsi et. al [55] have been studied the recovery of uranium form fluoride matrix under the influence of ultrasonication (22 ± 3 kHz and 150 W) and it was obtained a 76 -91% removal of uranium form MgF2 slag. The major advantages in this case are minimizing labor, remotisation of operations to reduce exposure, use of less nitric acid and the reduction in the reaction time.
Research on sono-chemical leaching of uranium [56] in nitric acid and sulfuric acid media has been carried out to understand the effect of ultrasonication on leaching process. Thus, it has been observed that the leaching rate under the influence of ultrasound is higher with low acid concentration of nitric acid, and it is high at a high leach acid concentration in case of sulfuric acid, compared to mechanical agitation, due to the faster rate in presence of ultrasonication of oxidative conversion mechanism of uranium tetravalent to hexavalent form.
Bikram et. al [57] conducted studies regarding the application of ultrasonication in density determination of uranium loaded organic phase in solvent extraction. Their method using dual frequency based ultrasound density measurement of uranium loaded organic samples in solvent extraction process can be used for critical density determination at extraction and reprocessing in the fuel cycle.
Hamadaoui and Naffrechoux [58] in their studies have been investigate the mechanism of ultrasonically enhanced desorption of 4-chlorophenol from granular activated carbon. Experiments of desorption were made in absence and in presence of ultrasonication at 516 kHz of different intensities and the conclusion was that the use of ultrasound field improves both the amount and the rate of desorption. Desorption increases with increasing temperature and ultrasound intensity, the mechanism of ultrasonically enhanced desorption in due both to the thermal and non-thermal effects of ultrasound field.
Korean researchers [59] , studying the batch absorption of uranium from acidic solutions on ion-exchange resins, have discovered that when applying simultaneously the mechanical agitation and an ultrasonic field, the uranium adsorption speed on the ion-exchange resin increases because of both the increase of collision frequency, and the mixing intensification due to cavitation.
These studies suggest that ultrasonic radiation can be an effective way to improve the adsorption/desorption of ion species from the ion-exchange resins.
The aim of the research presented in this paper is to determine how ultrasounds help improve uranium desorption from ion-exchange resins type Purolite A 600U/3472 and PM 611.
Experimental

Reagents and materials
The reagents used were chemically or analytically pure (to perform the analysis) and used without additional treatment. The synthetic uranium solution was prepared from uranyl sulphate (UO2SO4) in distilled water, and for the pH correction was used anhydrous sodium carbonate (Na2CO3). The chemical composition of the synthetic solution is: U = 35.37 mg/L, Na2CO3 = 3.18 g/L, NaHCO3 = 0.504 g/L and pH = 9.5.
Uranium desorption was made by using a chlorosodic solution having the composition: 100 g/L sodium chloride (NaCl), and 10 g/L sodium carbonate (Na2CO3).
The resin Purolite A600U/3472, supplied by the company Purolite SA, Victoria, Romania (Purolite Co. Philadelphia, USA) is a strong basic anionite, with gel structure, specially designed for the recovery of soluble anionic complexes of uranium from acid or alkaline media. Structurally, this anionite is a polystyrene divinylbenzene polymer, with excellent mechanical integrity and resistance to stress.
Resin PM 611, provided by the company Suzhou Bojie Resin Technology Co. Ltd China,is a strong basic anionic exchanger, with a gel-type structure type 1, designed to separate the soluble anionic complexes of uranium in acidic or alkaline medium.
Experimental methodology
The resins were activated for the adsorption of uranium through sequential treatment with sodium hydroxide (NaOH) 4% and hydrochloric acid (HCl) 4%, using Berzelius glasses and magnetic stirrer type IKA RH-KT/C (manufactured by WERKE, Germany); the resin washing was made with distilled water (pH = 3 -3.5) so that the resin remains in the Cl -form. The initial adsorption process was carried out under dynamic conditions, adsorption -desorption cycles conducted in a fixed bed, in four identical glass columns, with a length of 12 cm and an inner diameter of 1.5 cm where were placed 5mL (3.5 g) resin (Purolite A600U /3472 and PM 611). The columns were provided at the ends with frits in order to prevent losses of resin through intromission in effluent. The uranium solution flow rate through the ion exchange resin was 5 BEV/h (BEV = Bed Equivalent Volume of resin in the column). After uranium loading, the resin was washed with water and stored for the desorption tests. It is considered that the resins are fully loaded when the uranium content in the effluent equals the influent concentration. The loading capacity of the Purolite A600U/3472 resin was 30.36 mgU/gresin, while that of the PM 611 resin was 25.64 mgU/gresin.
Desorption was carried out both under standard conditions and in a continuous ultrasound system.
For carrying out the desorption tests in fixed bed in continuous ultrasound system, the column loaded with resin was immersed in the ultrasonic bath type Retsch UR1 (manufactured by Retsch GmbH, Germany), equipped with a high-frequency generator type PZT35 kHz and a power of 480W. In order to maintain the temperature of the ultrasonic bath to a value of approx. 20 0 C, the bath water was changed continually with fresh tap water.
The supply with chloro-sodic solution necessary to the uranium desorption was carried out by means of a metering pump type 7521-47 (manufactured by Barington Bamant Co., USA). The chloro-sodic solution flow rate was 1 BEV/h (5 mL/h).
Uranium ion concentration in solutions was determined through the colorimetric solution, with the use of a UV-VIS CECIL 1011 spectrophotometer (manufactured by CECIL, Great Britain).
The mean momentary resin loading capacity with U (VI), The determination of the resin beads' mechanical resistance was carried out through grinding for 10 minutes in a mill with porcelain balls with the following features: mill diameter 98 mm, mill length 105 mm, 20 porcelain balls of 15 mm diameter, 30 balls with a 9.5 mm diameter, total ball load weight 130 g, mill speed 100 rpm. The swollen resin, in Cl -form, was placed on a bolter with 0.8 mm loops, and class -0.8mm was removed. 100 cm 3 of the class +0.8 mm was subjected to crushing. After the crushing, the resin is separated from the balls and placed on a bolter with a loops' diameter of 0.63 mm. Fractions A (+ 0.63mm) and B (-0.63 mm) are subjected to draining on a filtering cone with a G5 frit and is dried at room For the comparison of the experimental results obtained and the highlight of the positive effects of ultrasounds on the desorption process of uranium complex anions from the ion-exchange resin, desorption isotherms have been plotted (figure 1), both in classic conditions and with ultrasounds for the resin Purolite A600U/3472.
In Figure 2 are comparatively presented the desorption isotherms of uranium complex anions from resin PM 611 in classic conditions and with ultrasounds.
As can be noticed in the figures shown, the use of ultrasounds considerably improves desorption. While in the absence of ultrasounds the complete desorption from the two resin types (Purolite A600U/3472 and PM 611, respectively) is carried out with 8 BEV of chloro-sodic solution, in their continuous presence throughout the process, the complete elution takes place with only 4 BEV chloro-sodic solutions. The use of a smaller volume may be due to desorption intensification towards the end of the process, when the removal of uranium from the resin on the classic operation is carried out very slowly (4 BEVs are needed to remove the last 5 -6% from uranium quantity.
The dynamics of uranium elution from Purolite A600U/3472 resin with and without ultrasounds is shown in Figure 3 , and the dynamics of the uranium elution from PM 611 resin is shown in Figure 4 . The analysis of uranium desorption dynamics shows the fact that under classic conditions the uranium is desorbed from the two resin types in a percentage of 99% in a volume of 7 BEV chloro-sodic solution, whereas under the continuous ultrasounds' action this happens with a volume of 3 BEV. The difference between the two resins consists in the uranium content in the effluent and the recycled uranium percentage, which is in favor of the resin Purolite A6000 U/ 3472. In Table 1 are shown both the effluent composition that is obtained (eluate) and the percentage of recycled uranium from the rest of obtained eluate. As a result of these experiments it was demonstrated the feasibility of using ultrasounds to enhance desorption of the uranium ions from the ion-exchange resins. In these experiments, particle diffusion and film diffusion are the rate determinant steps. Because ultrasounds produce acoustic vortices which cause micro turbulences both inside the particle pores and on the interface solid-liquid, these improve the desorption rate by increasing the rate of transport through diffusion in particle and in film, which leads to a high level of U in the first 2-3 volumes, which are precipitated. The rest of up to 8 volumes (with low uranium level) will be recycled.
Influence of ultrasounds on the physical features of resins Purolite A-600U/3472 and PM 611
To establish the influence of ultrasounds on the physical properties of the two strongly basic anionic resins, stability tests and SEM analysis were conducted regarding the grains' size and mechanic resistance.
Stability of the resin grain size
Friable solids such as resin grains existing in an aqueous ultrasonated solution might be broken or eroded due to high pressure shock waves resulting from cavitations implosions.
In order to assess the integrity of polymeric resins subjected to the ultrasounds field, swollen resin samples are placed in a glass beaker immersed in the ultrasounds bath and ultrasonated for 6 and 8 hours, respectively.
In Figures 5 and 6 is shown the content evolution of the granulometric classes of interest 0-0.2 mm; 0.8-1 mm and 1-2 mm for the two resins, depending on the length of the ultrasounds field. Analyzing the results obtained, both for the Purolite A 600U/3472 resin and for the PM 611 resin is seen the fact that after the first 6 hours of ultrasonication, a decrease of content for the class 1-2 mm takes place, after which the granulometric characteristics remain constant.
The stability of mechanical resistance of the resin grains
Mechanical resistance, an essential characteristic (along with loading capacity of the resin with uranium) was established by the granulation process described in the experimental part. In the experiments carried out, resin fractions A (+0.63 mm) and B (-0.63 mm) were volumetrically determined right after sizing the milled resin 6 hours. The results obtained are shown in Table 2 .
From the data presented are determined the following: in the case of untreated resins, the loss in passing sieve of 0.63 mm were almost insignificant, of only 0.25 for the resin Purolite A600U/3472, respectively of 0.50% for resin PM 611; in the case of afterwards ultrasonicated resins for 18 hours, the loss in passing sieve of 0.63 mm were slightly larger than in the case of untreated resins, namely 2.50 in the case of resin Purolite 600U/3472, respectively 4.00% for resin PM 611; the degradation of resin PuroliteA600U/3472 is due to the uniform grain use; the grains that reached in passing sieve kept their spherical shape but not the size;
during the milling of resin PM 611 the grains don't keep completely their spherical shape, in the water appear resin detached fragments resembling some "fluff" or "flakes"; the mechanical resistance obtained for the two types of resins, in the two cases was: -for the non-ultrasonated resin -Rm = 99.75% (Purolite A600U/3472); Rm = 99.50% (PM611) -for the ultrasonated resin for 18 hours -Rm = 97.50% (Purolite A600U/3472); Rm = 96.48% (PM611) 
SEM analysis of resin granules
SEM analysis imagines of the resins evaluated in this study, magnified from 60,000X to 2,000,000X are shown in Figures7 -12. SEM analysis of the resins, after sonication showed that the Purolite A600U/3472 resin maintains its spherical shape, without modification of the surface (Figures 8 -9 ), while resin PM11 after 6 hours of ultrasound is not spherical, it flattens the shape. That fact finds after 18 hours of sonication also (Figures 11-12 ).
The analysis of micro -compositional quality of samples analyzed is the spectral lines main Kα of each sample and the analysis of micro -compositional quantity thereof, presents the evidence in the detection limit of the machine, expressed as a percentage by mass (Wt %) and the atomic percent (At %). Initial values of granules for each type of resin is not identical but they are in controlled limits so small variations in the values appear in microcompositional analysis.
SEM analysis of the resin granules test results confirm the stability and mechanical strength of scale, being able to state that ultrasound does not affect the physicochemical properties of studied resins MEC2017 * Corresponding author: antonetafilcenco@yahoo.ro Since the adsorption/desorption operations are cyclical, it is important to know if applied ultrasound only on desorption operation influences the loading capacity of the ultrasounded resin compared with non-ultrasonated in the adsorption process.
Adsorption experiments performed in dynamic conditions, on the two types of ultrasounded resin for 18 hours in similar conditions with the initial adsorption experiment (non-ultrasounded resin), led to the results presented comparatively in Figures 13 and 14 . Figures 13 and 14 
The experimental results shown in
